The Natural Resources Conservation Service Curve Number (NRCS-CN) method is widely used for predicting direct runoff from rainfall. It employs the hydrologic soil 
Background:
The rainfall runoff is a complex and non-linear hydrological process with high variability in time and space. Accurate estimation of runoff is critical in urban hydrology, because that is the design base for water resources infrastructures and flood peak discharge.
Soil Conservation Service Curve Number (SCS-CN) methods is empirical equation which have been widely used in different studies. CN is an empirical parameter used for predicting direct runoff or infiltration from rainfall excess [1] [2] [3] . Regardless of some weaknesses, the CN method presents some advantages such as quantification of the effect of landuse changes on runoff formation (Rietz and Hawkins 2000) . The widespread popularity of the NRCS-CN method attributes to the wide availability of the required data and its simplicity. As result, the NRCS-CN method which originally intended for the study of agricultural land, became a fundamental part of hydrological practice and was adopted for application in different climate and conditions [4] . Moreover the CN method has been integrated into different hydrological models, including CREAMS [5] , FEST [6, 7] , EPIC [8] , AGNPS [9] , HEC-HMS [10] and SWAT [11] . There are many research articles and classical books in supporting and criticizing the CN method. Among them the works of Hawkins [12, 13] , Hawkins et al. [14] , Huang et al. [15, 16] , Garen and Moore [17] , Mishra et al. [18, 19] and Michel et al. [20] are more remarkable. Review of literature shows that considerable attempted has been made for adjustment and adaptation of CN method for unaccented factors including drainage area [21, 22] , soil moisture proxies [17, 23, 24] , slope [8, 15] and more recently Kakuturu et al. [25] investigated the effect of slope on estimation of CN values. In general CN can be considered as indicator which classifies the land parcels in terms of runoff generation capacity based on their usage and storage capacity. In highly flood affected watershed, it is very useful to identify the spatial variation of runoff potential in order to implement flood mitigation projects effectively. The main objective of this research is to evaluate the effect of slope on SCS-CN using slope map derived from ASTER-GDEM for KRB, Malaysia.
The runoff curve number was developed from an empirical analysis of runoff from small catchments and hill slope plots monitored by the USDA. The traditional form of SCS equation is given by equation 1:
Where; is runoff depth in (mm), is rainfall depth in (mm), is the potential maximum soil moisture retention after runoff begins in (mm), is the initial abstraction in (mm), or the amount of water before runoff, such as infiltration, or rainfall interception by vegetation.
Historically, it has generally been assumed that = 0.20 × [1] , but more recent research [26] has proven that = 0.05 × . The new initial abstraction ratio was tested in other region [27] [28] [29] and confirm that 5 percent initial abstraction ratio provide better prediction for runoff. However still rare research [30] have shown that 20 or even 22 percent initial abstraction ratio provide more reasonable prediction for annual runoff prediction. The potential maximum soil moisture retention is obtained by CN through the equation 2:
As the potential maximum retention S can theoretically vary between zero and infinity, Eq.3 shows that the CN can range from 0 to 100. The CN values can be obtained from the NRCS standard tables.
The lower value indicate low runoff potential while larger value represent higher runoff potential.
Modified SCS-CN method
The relationship = 0.2 was derived from the study of many small, experimental watersheds. Recent analysis used model fitting methods to determine the ratio of to with hundreds of rainfall-runoff data from 307 US watersheds. In the model fitting Woodward et al. [26] found that / =0.20 is usually high and / =0.05 give more appropriate results. More details related to the new ration and derived equations can be found in the research work done by Woodward et al. [26] . 
SCS-CN method

Result and discussion
A two-dimensional table was created to combine and reclassify two raster maps including
Landuse and HSG with class domain. Two-dimensional defines a value for each possible combination of input classes [32] . A two-dimensional table view consists of rows which represent one domain and of columns which represent another domain. This automated processor used to generate CN map for the study area (see Table 1 
Slope-Adjustment of CN
To generate the subbasin-wise flood runoff susceptibility map, subbasin boundaries for the study area were delimited using the Advanced Spaceborne Thermal Emission and Reflection Radiometer Global Digital Elevation Model (ASTER-GDEM) version 2 [33] . ASTER-GDEM is a joint product developed by the Ministry of Economy, Trade, and Industry (METI) of Japan and the United States National Aeronautics and Space Administration (NASA) which is the best freely available DEM at http://reverb.echo.nasa.gov/reverb/ with spatial resolution of 28 m. It has been already proven that free available DEM have adequate information to explain the physical characteristics of river basins [34] [35] [36] .
It has proven that terrain slope can affect surface runoff estimation based on NRCS-CN in three aspects including reduction of initial abstraction [37] , decrease in infiltration [38] and reduction of the recession time of overland flow [39] . The Advanced Space-borne Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model Version 2 (ASTER-GDEM V2) was used to investigate the effect of slope on CN. ASTER-GDEM V2 released on October 17, 2011 [40] . It is freely available for download from NASA Re verb, LP DAAC Global Data Explorer, and J-space-systems ASTER-GDEM Page. The cell size of elevation data is 28×28 meter. The slope map of the study area was derived from agree-DEM. 
Sharply-Williams method
Huang method
Huang et al. [15] has reviewed various studies on the effect of soil slope on the runoff. They investigated the effect of terrain slope on runoff under simulated rainfall for 11 years to modify the existing standard SCS-CN method which adjust the CN for slope. 
Eq.8
Where; the CN is Curve Number for moderate soil moisture condition. α is terrain slope m/m between 0.14 and 1.4 (14-140%). It is believed that the Eq.8 is the more appropriate for runoff prediction in the steep watersheds [15] . Slope-adjusted based on Huang is shown in figure 2 
